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Elastic scattering of NO and CO from ultrathin metallic films
NO and CO show very similar behavior in scattering from thin metallic films. For the sake of clarity, only representative data have been presented in the main manuscript. A more complete set of data is provided below.
After fitting the arrival time distributions of NO( = 2 → 2) scattering as described in the experimental section, we obtained thickness-dependent kinetic energy distributions. Fig. S1 shows such data for clean Au(111) (top panel), the transition between 0-3 ML Ag/Au (central panel) and thicker films > 3 ML (bottom panel). 
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Overall, no distinct difference is observed between elastic scattering of NO( = 2 → 2) and NO( = 0 → 0). For both cases ( Fig. 3 and Fig. Fig. S2, respectively) , the TOF distributions exhibit a broadening and a shift to later times. The kinetic energy distributions ( Fig. S2 and Fig.   S3 , respectively) have approximately the same FWHM and only the shift of the peak is observed.
A direct comparison of the thickness-dependent FWHM for both data sets is shown in Fig. S4 .
Here, for scattering from pure Au(111) and Ag/Au(111) films above 3 ML thickness, the same FWHM is observed, a feature that we also observed when comparing NO( = 0 → 0) scattering from bulk Au(111) and bulk Ag(111). One the one hand, this is evidence for a controlled layerby-layer growth without the formation of three-dimensional structures resulting in increased surface roughness and strong broadening of the kinetic energy distributions. In addition, a weak maximum is observed in the transition region near 1-2 ML. This could indicate that the TOF distributions in this range are actually a mix of molecules scattered from different areas of completed monolayers. As an example, the resulting TOF distribution after scattering from nominal 1.5 ML would consist of one part scattering from 1 ML and one part scattering from 2 ML. 
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NO( = 0 → 0) scattering from bulk Au(111) and Ag(111)
This section contains additional information about the data set for NO( = 0 → 0) scattering that is plotted in Figure 5 of the main manuscript.
In a prior study of NO scattering from bulk crystal surfaces, several gas mixtures with different incident energies were prepared and scattered off bulk surfaces of Au(111) and Ag(111). A characterization of those gas mixtures is shown in Table S1 . The incident velocity distribution is represented by a function of the form ( ) = 3 exp(
, from which the mean velocity
can be obtained. The data for NO( = 0 → 0) scattering from Au(111) and Ag (111) A plot of the mean translation energy vs rotational energy is depicted in Fig. S9 . 
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The mean translational energy for a gas mixture at a defined surface was obtained from the limit of a rotationally-elastic collisionlim rot →0 〈 trans 〉 by extrapolating the observed data.
The NO( = 0 → 0) scattering data obtained in that bulk crystal study showed a systematic difference towards all other studies measured at the same machine. Compared to the NO( = 0 → 0) data from the thin film study or an investigation about NO( = 3 → 3)
scattering from Au (111) 
Theoretical Calculations
Potential Well
The DFT calculations were performed using VASP (vers. 5.3.5). [1] [2] [3] [4] The electron-core interactions were described by projected-augmented-wave (PAW) potentials and the Kohn-Sham eigenstates by plane-waves with a cut-off energy of 400 eV. For exchange-correlation, the RPBE functional on the GGA-level was employed. Furthermore, the Scheffler-Tkatchenko method was used to correct for van-der-Waals interactions. 
Phonon Frequencies
To generate the phonon spectra, the Phonopy 6 software package was used. This package calculates the force constants within the finite displacement method. Hence, every atom in the system is displaced two times by a distance about 0.1 Å and then the energy for all generated configurations is calculated (via VASP). The output from these calculations is used by Phonopy to calculate the force constants between all atoms. With these constants and information about the employed simulation cell, Phonopy can construct the phonon spectrum.
As initial input configuration for the calculation of the phonon spectra, we modeled a p(1 × 1)
cell with 4 layers and 20 Å vacuum between images in z-direction. Please note that rather complex phonon spectra arise due to the employment of periodic boundary conditions. To account for the smaller cell, a denser k-point grid of 12 × 12 × 1 was used. Here, the interaction between the electrons was described by the RPBE functional. The cell was geometry optimized until the force on every atom was < 0.01 eV/Å and then used as input for Phonopy to generate the displaced configurations.
The phonon spectra in Fig. S11 were obtained by using the procedure describe above and replacing Au atoms/layers by Ag from top to bottom of the slab, respectively. The highest S12 frequency as the cutoff-frequency was extracted and is plotted against the film thickness in Fig. 5 of the main manuscript. We interpret this frequency as the Debye frequency. 
